10/584735 



mm Rec'd PCT/PfO 2 6 JON W 

Specification 

Optical-Element Integrated Semiconductor Integrated Circuit and Fabrication 

Method Thereof 

Technical Field 

5 \ The present invention relates to a semiconductor Integrated circuit 
(hereinbelow also referred to as an "LSI") and to a method of fabricating the 
semiconductor Integrated circuit. 
Background Art 

Although the processing speed of LSI is advancing toward ever- 
10 higher levels, there is a limit to the transmission capabilities of electrical 
wiring between a plurality of LSI, and attention has therefore focused on 
transmission that employs optical signals, which is not only capable of high- 
speed transmission and long-distance transmission but also features 
superior resistance to electromagnetic noise. It Is believed that if an 
15 electrical signal that is supplied as output from a particular LSI is converted 
to an optical signal for transmission by an optical line and then reconverted 
to an electrical signal before input to another LSI, higher transmission speed 
can be realized than when using an electrical signal alone. 

JP-A-2001-036197 discloses an optoelectronic-integrated element in 
20 which optical elements and an LSI connected by electrical wiring are 
Integrated within the same package. In this optoelectronic integrated 
element, an electronic integrated element bare chip is secured on a base 
plate, and optical elements are secured In proximity to this bare chip with an 
interconnect means interposed. In this case, the optical elements are a 
25 surface-emission laser array or a photodetector array and are directly 
mounted on inner leads or on the electronic integrated element. The 
input/output ports of the electronic integrated element are each arranged 
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around the periphery of the electronic integrated element with the 
photodetector array mounted to correspond to the input ports and the 
surface emission lasers mounted to correspond to the output ports. More 
specifically, in a form in which the optical elements are directly mounted on 
5 the electronic integrated element, the pads of the optical elements are 
electrically connected to the input/output ports of the electronic integrated 
element that are arranged to correspond with the arrangement of these 
pads. Alternatively, in the form in which the electronic integrated element 
and optical element are electrically connected by inner leads, the pads on 

10 which the electronic integrated element is mounted and the pads on which 
the optical element array is mounted (which are arranged to match the pad 
arrangement of the optical element array in order to mount the optical 
element array) are electrically connected through the use of inner leads that 
have a one-to-one correspondence with the pads. 

15 JP-A-2000-332301 discloses a semiconductor device in which a 

photodetector array Is arranged to correspond to a plurality of input ports 
that are arranged at the periphery of an LSI, and a light-emitting device array 
is arranged to correspond to a plurality of output ports. In addition, JP-A- 
2000-332301 describes as its object a solution to the problem of increase in 

20 the size of parts for converting the LSI input/output to light when an LSI, 
light-emitting devices, and photodetectors are separately mounted in rows 
on a substrate. JP-A-2000-332301 further describes directly mounting the 
photodetector array and light-emitting device array to a LSI chip to enable a 
more compact part for converting the input/output of the LSI to light. 

25 However, the prior art described in the aforementioned publications is 

technology that presupposes the arrangement of the input/output ports of 
the LSI aligned in a fixed direction on the periphery of the LSI. Accordingly, 
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where there is a plurality of input/output ports of the LSI, and moreover, 
when these input/output ports are randomly (irregularly) an^anged, the 
photodetector and light-emitting devise of one channel must be prepared in 
exactly the number required, and these elements must be mounted one at a 
5 time to match the positions of the input/output ports of the LSI. However, 
mounting a plurality of optical elements one at a time results in disparity in 
the heights of the photoreceptor surface and in light-emitting surface of each 
optical element and increased loss in optical coupling with extemal devices. 
In addition, the mounting of optical elements becomes time-consuming and 
10 is prone to high costs. 

Disclosure of the Invention 

It is an object of the present invention to provide an optical-element 
integrated semiconductor integrated circuit and a fabrication method for the 

15 semiconductor integrated circuit in which photodetectors are provided at 
each of randomly arranged LSI input ports, light-emitting devices are 
similarly provided at each of randomly arranged LSI output ports, and the 
heights of the photqreception surfaces and light-emitting surfaces of. these 
photodetectors and light-emitting devices are uniform. 

20 As an optical-element integrated LSI of the present invention that 

achieves at least one of these objects, two or more optical elements for 
converting electrical signals that are the input to and output from a 
semiconductor integrated circuit to optical signals are mounted on a 
semiconductor integrated circuit, and the heights of these two or more 

25 optical elements are identical. In this case, the two or more optical elements 
can be: light-emitting devices for converting electrical signals that are 
supplied from an electrical signal output port of the semiconductor integrated 



f 



4 



circuit to optical signals for output to an outside component; photodetectors 
for converting optical signals received as input from the outside to electrical 
signals for supplying to the electrical signal input ports of the semiconductor 
integrated circuit; or a combination of these light-emitting devices and 
5 photodetectors. In this case, "heights of the light-emitting devices" refers to 
the distance from the surface (mounting surface) of the semiconductor 
integrated circuit on which the light-emitting devices are mounted to the light- 
emitting surfaces of the light-emitting devices. Further, "the heights of the 
photodetectors are identical" means that the distances from the surface 

10 (mounting surface) of the semiconductor integrated circuit on which the 
photodetectors are mounted to the photoreception surfaces of the 
photodetectors are identical. 

When the two or more optical elements described above are a 
combination of light-emitting devices and photodetectors, the heights of the 

15 two or more light-emitting devices and the heights of the two or more 
photodetectors can each be made uniform, and the heights of the light- 
emitting devices and the photodetectors can be made different. Of course, 
the heights of all of the light-emitting devices and photodetectors can be 
made uniform, or the heights of a portion of the light-emitting devices and 

20 photodetectors can be made uniform. 

The two or more optical elements mounted on a semiconductor 
integrated circuit can be divided into two or more groups and the heights of 
the optical elements belonging to each group can be made uniform, and the 
heights of optical elements belonging to different groups can be made 

25 different. In this case as well, the two or more optical elements can be the 

above-described light-emitting devices or photodetectors or a combination of 
iight-emitting devices and photodetectors. 
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In addition, an optics element (such as a lens) having the capability to 
focus incident light can be provided in the two or more optical elements that 
are mounted on the semiconductor integrated circuit. 

Further, all or a portion of the two or more optical elements that are 
5 mounted on the semiconductor integrated circuit can be electrically 

continuous, or conversely, each of the optical elements can be electrically 
isolated. 

Still further, when solder is used to secure two or more optical 
elements to the semiconductor integrated circuit, solder having two or more 
10 different melting points can be used selectively. In this case, the solder 
having different melting points can be selected and used according to the 
type of optical element that is mounted or according to the above-described 
groups. 

One fabrication method of an optical-element integrated LSI 
15 according to the present invention that can achieve at least one of the 

above-described objects includes optical element mounting steps of; forming 
bumps on necessary optical elements of the optical element array composed 
of two or more optical elements formed on an element substrate; using 
these bumps to mount the optical element array on the semiconductor 
20 integrated circuit to connect necessary optical elements to the 

semiconductor integrated circuit; covering necessary optical elements that 
have been connected to the semiconductor integrated circuit with a 
protective film; removing unnecessary optical elements that are not covered 
by the protective film from the optical element array; and removing the 
25 protective film. 

Another fabrication method of an optical-element integrated LSI of the 
present invention includes optical element mounting steps of: covering with a 
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protective film necessary optical elements of an optical element anray 
composed of two or more optical elements formed on an element substrate; 
removing functional portions of unnecessary optical elements that are not 
covered with a protective film; removing the protective film; and mounting on 
5 a semiconductor integrated circuit the optical element array from which the 
functional portions of unnecessary optical elements have been removed and 
connecting necessary optical elements to the semiconductor integrated 
circuit. 

According to another fabrication method of the optical-element integrated 
10 LSI of the present invention, light-emitting devices are mounted by either 

one of the above-described two types of optical element mounting steps, 

and photodetectors are mounted by the other method. 

The fabrication method of the optical-element integrated LSI of the 

present invention can also include a step of etching the element substrate to 
15 produce a thin film and a step of etching the element substrate to form a 

lens. 

By means of the optical-element integrated LSI and the fabrication 
method of the LSI described in the foregoing explanation, the following 
effects can be obtained. Specifically, even when there is a plurality of 

20 input/output ports on an LSI and these input/output ports are further 

arranged irregulariy at various positions, an optical-element integrated LSI 
can be provided in which photodetectors are mounted at the same height on 
each input port and light-emitting devices are mounted at the same height on 
each output port. By optically coupling with a plurality of optical circuits such 

25 as optical fiber and optical waveguides, this optical-element integrated LSI 
can realize high-speed, long-distance transmission that further features 
excellent resistance to noise. By matching the heights of coupling portions of 



optical circuits that the photodetectors are to optically join under the above- 
described conditions of use, the present invention can further obtain the 
effect of realizing highly efficient optical coupling for all channels of the 
optical elements. Still further, because the realization of highly efficient 
optical coupling on all channels enables effective use of the strength of 
optical signals, the present invention can further obtain the effect of further 
increasing the distance over which transmission can be realized. 
Altematively, even when optical transmission is over short distances, the 
highly efficient optical coupling enables transmission of optical signals at 
higher strength, whereby the present invention can obtain the effect of 
improving resistance to noise. 

In addition, because a plurality of optical elements are collectively 
mounted in batches, a decrease in the number of fabrication steps and a 
consequent decrease in cost can be anticipated compared to a case of 
successively mounting a plurality of optical elements one at a time. This 
effect becomes more conspicuous as the number of mounted optical 

t 

elements increases. 

Brief Description of the Drawings 

FIG. 1 A is a schematic plan view showing an example of an optical- 
element integrated LSI according to the present invention; 

FIG. IB is a schematic sectional view of an example of an optical- 
element integrated LSI according to the present invention; 

FIG. 2A is a schematic view showing one fabrication step of the 
optical-element integrated LSI shown in FIG. 1A; 

FIG. 2B is a schematic view showing the step that follows the 
fabrication step shown in FIG. 2A; 
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FIG. 2C is a schematic view sliowing the step that follows the 
fabrication step shown in FIG. 2B; 

FIG. 2D is a schematic view showing the step that follows the 
fabrication step shown in FIG. 2C; 
5 FIG. 3A is a schematic plan view showing another example of an 

optical-element integrated LSI according to the present invention; 

FIG. 3B is a schematic sectional view showing another example of the 
optical-element integrated LSI according to the present invention; 

FIG. 4A is a schematic view showing one fabrication step of the 
10 optical-element integrated LSI shown in FIG. 3A; 

FIG. 4B is a schematic view showing the step that follows the 
fabrication step shown in FIG. 4A; 

FIG. 4C is a schematic view showing the step that follows the 
fabrication step shown in FIG. 48; 
15 FIG. 4D is a schematic view showing the step that follows the 

fabrication step shown in FIG. 4C; 

FIG. 4E is a schematic view showing the step that follows the 
fabrication step shovyn in FIG. 4D; 

FIG. 5A is a schematic plan view showing another example of an 
20 optical-element integrated LSI according to the present invention; 

FIG. 58 is a schematic sectional view showing another example of an 
optical-element integrated LSI according to the present invention; 

FIG. 5C is a schematic sectional view showing a modification of the 
optical-element integrated LSI shown in FIG. 58; 
25 FIG. 6A is a schematic view showing one fabrication step of the 

optical-element integrated LSI shown in FIG. 58; 



FIG. 6B is a schematic view showing the step that follows the 
fabrication step shown In FIG. 6A; 

FIG. 6C is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6B; 

FIG. 6D is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6C; 

FIG. 6E is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6D; 

FIG. 6F is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6E; 

FIG. 6G is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6F; 

FIG. 6H is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6G; 

FIG. 61 is a schematic view showing the step that follows the 
fabrication step shown in FIG. 6H; 

FIG. 7A is a schematic view showing one step of another fabrication 
method of the optical-element integrated LSI shown in FIG. 5B; 

FIG. 78 is a schematic view showing the step that follows the 

fabrication step shown in FIG. 7A; 

FIG. 7C is a schematic view showing the step that follows the 
fabrication step shown in FIG. 78; 

FIG. 7D is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7C; 

FIG. 7E is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7D; 
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FIG. 7F is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7E; 

FIG. 7G is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7F; 
5 ^ FIG. 7H is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7G; 

FIG. 71 is a schematic view showing the step that follows the 
fabrication step shown in FIG. 7H; 

FIG. 8A is a schematic view showing a step that substitutes for the 
10 fabrication step shown in FIG. 6G; 

FIG. 8B is a schematic view showing a step that substitutes for the 
fabrication step shown in FIG. 6H; 

FIG. 8C is a schematic view showing a step that substitutes for the 
fabrication step shown in FIG. 61; 
15 FIG. 9 is a schematic plan view showing an example of the relation 

tpetween the designed mounting position and the actual mounting position of 
an optical element; 

FIG. 1 0A is a schematic plan view showing another example of an 
optical-element integrated LSI according to the present invention; 
20 FIG. 1 0B is a schematic plan view showing another example of an 

optical-element integrated LSI of the present invention; 

FIG. 10C is a schematic enlarged sectional view showing an example 
of an optical element; 

FIG. 10D is a schematic enlarged sectional view showing another 
25 example of an optical element; 

FIG. 1 1 A is a schematic sectional view showing another example of 
an optical-element integrated LSI of the present invention; 
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FIG. 1 1 B is a schematic sectional view showing another example of 
an optical-element integrated LSI of the present invention; 

FIG. 12 is a schematic sectional view showing another example of an 
optical-element integrated LSI of the present invention; 

FIG. 13A is a schematic sectional view showing another example of 
an optical-element integrated LSI of the present invention; 

FIG. 13B is a schematic sectional view showing a portion of the 
fabrication steps of the LSI shown in FIG. 13A; 

FIG. 14A |s a schematic plan view showing another example of an 
optical-element integrated LSI of the present invention; 

FIG. 148 is a schematic sectional view showing another example of 
an optical-element integrated LSI of the present invention; 

FIG. 15A is a schematic view showing one fabrication step of the 
optical-element integrated LSI shown in FIG. 14A and FIG. 148; 

FIG. 158 is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15A; 

FIG. 15C is a schematic view showing the step that follows the 
fabrication step shown in FIG. 158; 

FIG. 15D is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15C; 

FIG. 1 5E is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15D; 

FIG. 15F is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15E; 

FIG. 15G is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15F; 
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FIG, 1 5H is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15G; 

FIG. 151 is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15H; 

FIG. 15J is a schematic view showing the step that follows the 
fabrication step shown in FIG. 151; 

FIG. 15K is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15J; 

FIG. 15L is a schematic view showing the step that follows the 
fabrication step shown in FIG. 15K; 

FIG. 16A is a schematic plan view showing another example of an 
optical-element integrated LSI of the present invention; 

FIG. 16B is a schematic sectional view showing another example of 
the optical-element integrated LSI of the present invention; 

FIG. 1 7A is a schematic plan view showing an example of an optical- 
element integrated LSI fabricated by a fabrication method of the prior art; 

FIG. 17B is a schematic sectional view showing an example of an 
optical-element integrated LSI fabricated by a fabrication method of the prior 
art; 

FIG. 18A is a schematic plan view showing an example of an optical- 
element integrated LSI fabricated by the fabrication method of the present 
invention; 

FIG. 18B is a schematic sectional view showing an example of an 
optical-element integrated LSI fabricated by the fabrication method of the 
present invention; 
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FIG. 19A is a schematic sectional view of an optoelectronic hybrid 
substrate on which the optical-element integrated LSI of the present 
Invention is mounted; and 

FIG. 19B is a schematic sectional view of an optoelectronic hybrid 
substrate on which the optical-element integrated LSI of the prior art is 
mounted. 

Best Mode for Carrying Out the Invention 
First Embodiment 

Explanation next regards the details of an example of an optical 
element integrated semiconductor integrated circuit (hereinbelow referred to 
as "optical-element integrated LSI") of the present invention with reference to 
the figures. FIG. 1 A is a schematic plan view showing the basic configuration 
of the optical-element integrated LSI of the present example, and FIG. 1B is 
a schematic sectional view. In the optical-element integrated LSI of this 
example, light-emitting device 2a is electrically connected by solder bumps 3 
to electrical signal output ports (not shown) of LSI 1 . There is a plurality of 
electrical signal output ports, and these electrical signal output ports are 
randomly arranged at various positions. In addition, light-emitting devices 2a 
are mounted at each electrical signal output port. Devices are used for light- 
emitting devices 2a that are capable of supplying light toward the rear- 
surface side (the downward side in FIG. 1B) of LSI 1 . Accordingly, when an 
ON/OFF electrical signal is supplied from an electrical signal output port, this 
electrical signal is applied as input to light-emitting device 2a for conversion 
to an optical signal and supplied in a downward direction as an ON/OFF 
optical signal. 
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FIGs. 2A-2D show a fabrication method of the optical-element 
integrated LSI shown In FIGs. 1 A and 1B. Although this explanation 
regarding the fabrication method takes as an example LSI 1 having eight 
electrical signal output ports, the number of light-emitting devices can be 
increased or decreased as appropriate when the number of electrical signal 
output ports is different. 

As shown in FIG. 2 A, light-emitting device array 2 is prepared in which 
jight-emitting devices 2a are arranged in four rows and four columns on 

■ 

element substrate. Solder bumps 3 are formed on pads of necessary light- 
emitting devices 2a of the plurality of light-emitting devices 2a that make up 
light-emitting device array 2, and these solder bumps 3 that have been 
formed are used to electrically connect light-emitting device array 2 to LS1 1 . 
In this case, "necessary light-emitting devices 2a" means light-emitting 
devices 2a that are to be mounted on electrical signal output ports of LSI 1. 
Accordingly, light-emitting devices 2a that are not to be mounted on 
electrical signal output ports of LSI 1 are placed on LSI 1 but are not 
electrically connected to LSI 1 . 

Next, as shown in FIG. 2B, protective film 4 is formed so as to cover 
only necessary light-emitting devices 2a of light-emitting devices 2a of the 
light-emitting device array 2. In this case, protective film 4 is formed by, for 
example, patterning by exposing and developing a resist. 

As shown in FIG. 2C, unnecessary light-emitting devices 2a are next 
removed by etching, following which protective film 4 is removed as shown in 
FIG. 2D. 

By means of the foregoing steps, an optical-element integrated LSI is 
fabricated in which light-emitting devices 2a are mounted on each of a 
plurality of electrical signal output ports that are an^anged in any of the 
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positions of LSI 1. In the fabrication method of this example, light-emitting 
device an^ay 2 having a plurality of light-emitting devices 2a is mounted on 
LSI 1, following which unnecessary light-emitting devices 2a are removed 
while leaving necessary light-emitting devices 2a; whereby, light-emitting 
5 devices 2a can be mounted as a group on all electrical signal output ports 
despite the random arrangement of the plurality of electrical signal output 
ports of LSI 1 . The step of mounting light-emitting devices 2a is thus 
simplified, and this simplification contributes to lower costs. In addition, 
because the heights of the light-emitting surfaces of the plurality of light- 

10 emitting devices 2a that makes up light-emitting device array 2 is aligned in 
advance, the light-emitting surfaces of light-emitting devices 2a that have 
tpeen mounted on each electrical signal output port of LSI 1 are all the same 
height. When an optical-element integrated LSI is optically coupled with 
optical circuits and optical signals then transmitted to and received from, for 

15 example, an outside LSI or memory, the optical signal incident surface of 
each optical circuit is normally matched to a fixed height. Thus, uniformity in 
the heights of a plurality of light-emitting devices 2a that are mounted on LSI 
1 means that the spacing between each light-emitting device 2a and the 
plurality of optical circuits with which it is optically coupled can be kept 

20 uniform on all channels and that highly efficient optical coupling can be 
realized between all light-emitting devices 2a and all optical circuits. In 
addition, the realization of highly efficient optical coupling means that the 
greater portion of light emitted from each light-emitting device 2a can be 
directed to the optical circuits, thereby obtaining the effects of enabling 

25 transmission of optical signals over longer distances, or, when transmitting 
over shorter distances, enabling transmission with greater noise resistance. 
Although the foregoing explanation regards one fabrication method, the 
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optical-element Integrated LSI of the present invention can be fabricated 
using other fabrication methods described hereinbelow, in which case the 
above-described actions and effects can be simitariy obtained. 

5 Second Embodiment 

Explanation next regards the details of another example of an optical- 
element integrated LSI of the present invention with reference to the figures. 
FIG. 3 is a schematic plan view showing the general configuration of the 
optical-element integrated LSI of the present embodiment, and FIG. 3B is a 

10 schematic sectional view. In the optical-element integrated LSI of the 

present embodiment, photodetectors 5a are electrically connected by solder 
bumps 3 to electrical signal input ports (not shown) of LSI 1. There Is a 
plurality of the above-described electrical signal input ports, and these 
electrical signal input ports are randomly arranged at various positions. In 

15 addition, photodetectors 5a are mounted on respective electrical signal input 
fDorts. Devices that can receive light that is incident from the rear surface 
(the lower side in FIG. 3B) of LSI 1 are used for photodetectors 5a. 
Accordingly, when ON/OFF optical signals are received as input from the 
outside, these optical signals are converted to electrical signals by 

20 photodetectors 5a and supplied to electrical signal input ports as ON/OFF 

electrical signals. 

FIGs. 4A-4E show a fabrication method of the optical-element 

integrated LSI shown in FIGs. 3A and 3B. Although this explanation 

regarding a fabrication method takes as an example LSI 1 having eight 
25 electrical signal input ports, the number of photodetectors can be increased 

or decreased as appropriate when the number of electrical signal input ports 

is different. 
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First, as shown in FIG. 4A, photodetector an^ay 5 is prepared in which 
photodetectors 5a are arranged in four rows and four columns on element 
substrate 7. Next, as shown in FIG. 4B, protective film 4 is formed to cover 
only necessary photodetectors 5a among the plurality of photodetectors 5a 
that make up photodetector array 5. In the present embodiment, protective 
film 4 is formed by patterning realized by, for example, exposing and 
developing a resist, in this case, "necessary photodetectors 5a" means 
photodetectors 5a that are later to be mounted on electrical signal input 
ports of LSI 1 . 

Next, as shown in FIG. 4C, unnecessary photodetectors 5a are 
removed by etching. However, in this etching process, etching is applied only 
to the functional portions (portions that are necessary for carrying out 
functions for receiving optical signals, and for converting the received optical 
signals to electrical signals to supply as output) 6 that are on the surface of 
unnecessary photodetectors 5a, and element substrate 7 is not etched. This 
provision is to allow use of element substrate 7 as a support for the enfire 
plurality of photodetectors 5a. 

Protective film 4 is next removed to obtain photodetector array 5 in 
which only necessary photodetectors 5a have functional portions 6. As 
shown in FIG. 4D, solder bumps 3 are next formed on the pads of each of 
photodetectors 5a having functional portions 6, and solder bumps 3 that are 
formed are then used to electrically connect necessary photodetectors 5a to 
LSI1. 

By means of the above-described steps, an optical-element 
integrated LSI is fabricated in which photodetectors 5a are mounted to each 
of a plurality of electrical signal input ports that are arranged at any of the 
positions of LSI 1. In the fabrication method of this embodiment. 
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photodetector array 5, in which functional portions 6 of unnecessary 
photodetectors 5a have been removed in advance, is nrjounted on LSI 1 , 
following which necessary photodetectors 5a and electrical signal input ports 
of LSI 1 are electrically connected. As a result, photodetectors 5a can be 
5 mounted as a group on all electrical signal input ports despite the random 
arrangement of a plurality of electrical signal input ports of LSI 1 . As a result, 
the steps for mounting photodetectors 5a can be simplified, and this 
simplification contributes to lower costs. Further, the heights of the 
photoreception surfaces of the plurality of photodetectors 5a that make up 

10 photodetector array 5 are aligned in advance, and the photoreception 

surfaces of the plurality of photodetectors 5a that are mounted on respective 
electrical signal Input ports of LSI 1 are therefore all the same height. In this 
case, when an optical-element integrated LSI is optically coupled to optical 
circuits and optical signals are transmitted to and received from, for 

15 example, an outside LSI or memory, the optical signal emergence surfaces 
of each optical circuit are normally aligned to a uniform height. The 
uniformity of the heights of the plurality of photodetectors 5a that are 
mounted on LS1 1 rneans that the spacing between each of photodetectors 
5a and the plurality of optical circuits with which photodetectors 5a are 

20 optically coupled can be kept uniform on all channels, and that highly 

efficient optical coupling can be realized between all photodetectors 5a and 
all optical circuits. Further, the realization of highly efficient optical coupling 
means that the greater portion of emergent light from each optical circuit is 
received by each of photodetectors 5a, whereby photodetection is possible 

25 even in the case of a weak optical signal that was difficult or impossible to 
receive in the prior art. For example, photodetection is enabled even for 
weak optical signals that have been attenuated by long-distance 
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transmission. Alternatively, the ability to receive the greater portion of 
relatively strong optical signals by photodetectors 5a enables transmission 
that is highly resistant to noise. The latter effect is particularly conspicuous 

when transmitting over short distances. 

\ 

Third Embodiment 

Explanation next regards the details of another example of an optical- 
element integrated LSI of the present invention with reference to the figures. 
FIG. 5A is a schematic plan view showing the general configuration of the 
optical-element integrated LSI of the present embodiment, and FIG. 5B 
shows a schematic sectional view, in the optical-element integrated LSI of 
the present embodiment, light-emitting devices 2a are electrically connected 
by solder bumps 3 to electrical signal output ports (not shown) of LSI 1 , and 
photodetectors 5a are electrically connected by solder bumps 3 to electrical 
signal input ports (not shown). LSI 1 has a plurality of electrical signal output 
ports and electrical signal input ports, and these ports are randomly 
arranged at various positions. 

Devices capable of supplying light toward the rear-surface side (the 
downward side in FIG. 5B) of LSI 1 are used for light-emitting devices 2a. 
Thus, when an ON/OFF electrical signal is supplied as output from an 
electrical signal output port, this electrical signal is applied as input to light- 
emitting device 2a to be converted to an optical signal, and is downwardly 
supplied as an ON/OFF optical signal. On the other hand, devices capable 
of receiving light that is incident from the rear-side surface (the downward 
side in FIG. 5B) of LSI 1 are used for photodetectors 5a. Thus, when an 
ON/OFF optical signal is applied as input from the outside, this optical signal 
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is converted to an electrical signal by photodetector 5a and supplied to an 
electrical signal input port as an ON/OFF electrical signal. 

FIGs. 6A-6D show a fabrication method of the optical-element 
integrated LSI shown in FIGs. 5A and 5B. Although this explanation of a 
fabrication method takes as an example LSI 1 in which eight electrical signal 
output ports and eight electrical signal input ports are provided, the numbers 
of light-emitting devices and photodetectors can be modified as appropriate 
when the numbers of input/output ports of LS1 1 are different. 

As shown in FIG. 6A, light-emitting device array 2 is prepared in which 
light-emitting devices 2a are arranged in four rows and four columns on the 
element substrate. Solder bumps 3 are formed on the pads of necessary 
light-emitting devices 2a among the plurality of light-emitting devices 2a that 
make up light-emitting device array 2, and solder bumps 3 that have been 
formed are used to electrically connect light-emitting device array 2 to LSI 1 . 
In this case, "necessary light-emitting devices 2a" means light-emitting 
devices 2a that are to be mounted on electrical signal output ports of LSI 1 . 
Light-emitting devices 2a that are not to be mounted on electrical signal 
output ports of LS1 1 are therefore placed on LS1 1 but are not electrically 

connected to LSI 1 . In addition, the solder that is used for solder bumps 3 

» 

used for electrically connecting necessary light-emitting devices 2a to LSI 1 
has a higher melting point than the solder of solder bumps 3 used for 
subsequently electrically connecting photodetectors 5a. This distinction in 
the use of solder can circumvent the problem of melting solder that connects 
light-emitting devices 2a in the subsequent step of electrically connecting 
photodetectors 5a. 

Next, as shown in FIG. 6B, protective film 4 is formed to cover only 
necessary light-emitting devices 2a of light-emitting device array 2. In the 
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present embodiment, protective film 4 is formed by patteming by, for 
example, exposing and developing a resist. 

Unnecessary light-emitting devices 2a are next removed by etching as 
shown in FIG. 6C. Protective film 4 is then removed as shown in FIG. 6D. 
5 Explanation next regards the steps for mounting photodetectors 5a 

with reference to FIGs. 6E-6L First, as shown in FIG. 6E, photodetector 
array 5 is prepared in which photodetectors 5a are arranged in four rows and 
four columns on element substrate 7. 

Next, as shown in FIG. 6F, protective film 4 is formed to cover only 

10 necessary photodetectors 5a among the plurality of photodetectors 5a that 
makes up photodetector array 5. In the present embodiment, protective film 
4 is formed by patterning by, for example, exposing and developing a resist. 
In this case, "necessary photodetectors 5a" means photodetectors 5a that 
are to be subsequently mounted on electrical signal input ports of LSI 1 . 

15 As shown in FIG. 6G, unnecessary photodetectors 5a are next 

removed by etching. However, in this etching step, etching is applied only to 
functional portions 6 that are on the surface of unnecessary photodetectors 
5a, and etchingjs not applied to element substrate 7. By this provision, . 
element substrate 7 is used as a support for all of the plurality of 

20 photodetectors 5a. 

Protective film 4 is next removed to obtain photodetector array 5 in 
which only necessary photodetectors 5a have functional portions 6. As 
shown in FIG. 6H, solder bumps 3 are next formed on the pads of the 
plurality of photodetectors 5a having functional portions 6, and solder bumps 

25 3 that have been formed are used to electrically connect necessary 
photodetectors 5a with LSI 1. 
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Finally, element substrate 7 of photodetector anray 7 Is removed by 
etching as shown in FIG. 61. 

In this case, when the size of one channel of light-emitting device 
array 2 is z (see FIG. 6D) and the size of one channel of photodetector array 
5 is y (see FIG. 6G), y is made smaller than z such that light-emitting devices 
2a and photodetectors 5a do not interfere with each other during the above- 
described assembly. Even so, interference between light-emitting devices 2a 
and photodetectors 5a can be avoided by making z smaller than y. In FIGs. 
I/K-IX, an example is shown in which interference between light-emitting 
devices 2a and photodetectors 5a is circumvented by making z smaller than 

y- 

Up to this point, explanation has regarded a fabrication method in 
which, of unnecessary photodetectors among the plurality of photodetectors 
that make up photodetector array, only the functional portions are removed, 
and the element substrate is left intact. However, as shown in FIGs. 8A-8C, 
unnecessary photodetectors 5a can also be etched together with element 
substrate 7. This fabrication method eliminates the need to regulate the 
thickness of light-emitting devices 2a that are first mounted to avoid 
interference between light-emitting devices 2a and element substrate 7. The 
steps shown in FIGs. 8A-8C correspond to the steps shown in FIGs. 6G-6I. 
Accordingly, executing the steps shown in FIGs. 6A--6F and then executing 
the steps shown in FIGs. 8A — 8C enables the fabrication of the optical- 
element integrated LSI shown in FIGs. 5A and 5B. 

By means of the above-described fabrication method, an optical- 
element integrated LSI is fabricated in which light-emitting devices 2a and 
photodetectors 5a are mounted on each of a plurality of electrical signal 
output ports and electrical signal input ports, respectively, that are arranged 
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at any positions of LS1 1 . In this fabrication method, light-emitting device 
array 2 composed of a plurality of light-emitting devices 2a is mounted on 
LSI 1 , following which unnecessary light-emitting devices 2a are removed 
while leaving behind necessary light-emitting devices 2a. Accordingly, light- 
emitting devices 2a are mounted as a group on all electrical signal output 
ports despite the random arrangement of the plurality of electrical signal 
output ports of LSI 1 . As a result, the step of mounting light-emitting devices 
2a is simplified, and this simplification contributes to lower costs. Further, the 
heights of the light-emitting surfaces of the plurality of light-emitting devices 
2a that make up light-emitting device array 2 are aligned in advance, 
whereby the light-emitting surfaces of light-emitting devices 2a that have 
been mounted on each of the electrical signal output ports of LSI 1 are all 
the same height. Here, when the optical-element integrated LSI is optically 
coupled to optical circuits and optical signals are transmitted to or received 
from an outside LSI or memory, the incident surfaces of optical signals of 
each optical circuit are normally aligned to a uniform height. Thus, the 
uniformity of the height of the plurality of light-emitting devices 2a that are 
mounted on LS1 1 means that the spacing between each of light-emitting 
devices 2a and the plurality of optical circuits that are optically coupled to 
these devices can be kept uniform on all channels, and that highly efficient 
optical coupling can be realized between all light-emitting devices 2a and all 
optical circuits. The realization of highly efficient optical coupling means that 
the greater portion of emergent light from each light-emitting device 2a can 
be directed to the optical circuits, thereby obtaining the effects of enabling 
transmission over even greater distances, or for short-distance transmission, 
the effect of enabling high tolerance for noise. 
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Further, in the fabrication method of the present embodiment, photodetector 
array 5 in which functional portions 6 of unnecessary photodetectors 5a 
have been removed in advance is mounted on LSI 1 , following which 
necessary photodetectors 5a are electrically connected to the electrical 
5 signal input ports of LSI 1 . Accordingly, photodetectors 5a are mounted as a 
group on all electrical signal input ports despite the random arrangement of 
the plurality of electrical signal input ports of LSI 1 , whereby the step of 
mounting photodetectors 5a is simplified, and this simplification contributes 
to lower costs. Further, the heights of the photoreception surfaces of the 
10 plurality of photodetectors 5a that make up photodetector array 5 are aligned 
in advance, whereby the photoreception surfaces of the plurality of 

V 

photodetectors 5a that have been mounted on respective electrical signal 
input ports of LSI 1 are all the same height. When the optical-element 
integrated LSI is then optically coupled to optical circuits and optical signals 

15 are transmitted to and received from an outside LSI or memory, the 

emergent surfaces of optical signals of each optical circuit are normally 
aligned to a uniform height. The uniformity of height of the plurality of 
photodetectors 5a that are mounted on LS1 1 means that the spacing 
between each of photodetectors 5a and the plurality of optical circuits that 

20 are optically coupled to these devices can be kept uniform on all channels, 
and further, that highly efficient optical coupling can be realized between all 
photodetectors 5a and all optical circuits. Still further, the realization of highly 
efficient optical coupling means that the greater portion of emergent light 
from each optical circuit is photodetected by each photodetector 5a, 

25 whereby even weak optical signals that were difficult or impossible to receive 
in the prior art can be received. For example, the present embodiment 
enables the reception of even a weak optical signal that has been attenuated 
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by long-distance transmission. Alternatively, because the greater portion of 
an optical signal having a comparatively strong light intensity is received by 
photodetector 5a, transmission can be realized that is strongly resistant to 
noise. The later effect is particularly conspicuous in transmissions over short 
distances. 

Generally, an optical-element integrated LSI fabricated by this 
fabrication method is not only provided with both light-emitting devices and 
photodetectors, but is also configured such that the heights of each light- 
emitting device and each photodetector are uniformly aligned. Accordingly, 
the effects can be obtained that highly efficient optical coupling with optical 
circuits can be realized on all channels on the light-emitting side and on the 
light-receiving side and that optical communication can be carried out under 
excellent conditions for both transmission and reception. 

In addition, when a plurality of light-emitting devices and 
photodetectors are mounted in a group as in the fabrication method of the 
present embodiment, the following effects are obtained. FIG. 9 is a 
schematic plan view of an optical-element integrated LSI that has been 
fabricated by this fabrication method. The actual mounting positions of 
photodetectors 5a are shifted upward from the prescribed mounting 
positions (shown by dotted lines 13a in the figure). In addition, the actual 
mounting positions of light-emitting devices 2a are shifted to the left from the 
prescribed mounting positions (shown by dotted lines 1 3b in the figure). 
However, the plurality of photodetectors 5a and light-emitting devices 2a are 
both mounted as a group on LS1 1 . Accordingly, the direction and distance of 
the shift of the actual mounting positions with respect to the prescribed 
mounting positions is the same among the plurality of elements. In other 
words, in FIG. 9, all photodetectors 5a are shifted by the same distance 
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upward with respect to the prescribed mounting positions, in addition, all 
light-emitting devices 2a are shifted by the same distance to the left from the 
prescribed mounting positions. In this case, highly efficient coupling is 
realized if all optical parts such as lenses (not shown) that correspond to 
each of photodetectors 5a are shifted upward. Further, highly efficient 
coupling is realized if all optical parts corresponding to each of light-emitting 
devices 2a are shifted to the left. 

As described in the foregoing explanation, in an optical-element 
integrated LSI that has been fabricated by this fabrication method in which a 
plurality of photodetectors and light-emitting devices are mounted as a group 
on an LSI, the positional shift between the actual mounting positions of the 
plurality of similar optical elements and the designed mounting positions is in 
the same direction and distance for all optical elements. As a result, shifting 
the positions of optical circuits that are to be optically coupled to the optical 
elements in the same direction and by the same distance as the positional 
shift of the optical elements can produce highly efficient optical coupling 
between the optical elements and optical circuits. However, this effect is 
limited to a plurality of identical optical elements. In the case shown in FIG. 
9, the effect is limited to either optical coupling between light-emitting 
devices 2a and optical circuits or optical coupling between photodetectors 5a 
and optical circuits. Of course, when light-emitting devices 2a and 
photodetectors 5a are both shifted the same direction and same distance, 
highly efficient coupling can be realized for all optical elements and optical 
circuits. 

By successively lowering the melting point of the solder used in the 
mounting of optical elements with the progression of fabrication steps, 
soldering can be executed in succeeding steps at a temperature that does 
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not melt the solder used for soldering in eariier steps. This approach 
circumvents the problem in which solder melts during a fabrication step and 
causes shifting of the positions of optical elements that have been previously 
mounted. More specifically, when a plurality of light-emitting devices are first 
5 mounted and a plurality of photodetectors mounted next, solder having a 
melting point higher than the solder used in the mounting of photodetectors 
is used for mounting the light-emitting devices. By adopting this approach, 
when mounting photodetectors after the light-emitting devices have been 
mounted, the solder used in mounting the light-emitting devices does not 

10 melt, and no shifting occurs in the positions of the light-emitting devices. By 
selectively using solder having different melting points as described 
hereinabove, light-emitting devices and photodetectors can be reliably 
^ secured to prescribed positions. 

In addition, as shown in FIG. 5C, the use of underfill resin 8 to fill gaps 

15 between LSI 1 and light-emitting devices 2a and photodetectors 5a can 

increase the connection strength between these components. The process 
of inserting underfill resin 8 can be added to any step within the above- 
described fabrication steps. 

20 Fourth Embodiment 

FIGs. 10A and 10B show another optical-element integrated LSI of 
the present invention. In the optical-element integrated LSI that is shown in 
FIG. 10A, a portion of adjacent photodetectors 5a are linked to each other. A 
portion of the electrode pattern of each of photodetectors 5a that make up 
25 photodetector array 5 straddles two or more channels, and when division of 
electrode patterns that straddle channel gaps is not desirable, a 
configuration such as shown in FIG. 10A is preferable. FIG. 10A shows an 
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example that includes both portions in which photodetectors 5a are linked 
and portions in which photodetectors 5a are separated, the same states 
holding true for the light-emitting devices. On the other hand, in the optical- 
element integrated LSI shown in FIG. 10B, gaps are provided between 
adjacent light-emitting devices 2a and photodetectors 5a, and optical 
elements are independent for each channel. When the stress that acts upon 
optical elements due to the effect of thermal expansion is preferably reduced 
to a minimum, the configuration shown in FIG. 10B is preferable. The 
interposition of grooves 10 between adjacent optical elements as shown in 
FIG. 10C or FIG. 10D can be considered as an example of a method for 
providing gaps between adjacent optical elements and for facilitating 
separation between adjacent optical elements as shown in FIG. 10B. FIGs. 
10C and 10D give a schematic representation of the profile of optical 
elements, FIG. 10C showing the provision of grooves 10 on one surface of 
the optical elements and FIG. 10D showing the provision of grooves 10 on 
both surfaces of the optical elements. 

As described in the foregoing explanation, the adoption of a structure 
in which the plurality of mounted optical elements are linked to each other 
allows sharing of electrode wiring between adjacent optical elements and 
increases the freedom of the wiring layout. Such a configuration further 
increases the degree of freedom regarding whether mounting is realized by 
arranging solder on each electrode. On the other hand, the adoption of a 
structure in which optical elements are separated for each channel enables 
a reduction of the stress that acts upon optical elements due to the 
difference in the coefTicient of thermal expansion between the LSI and the 
optical elements. 
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Fifth Embodiment 

FIGs. 1 1 A and 1 1B show another exannple of an optical-element 
integrated LSI of the present invention. In the optical-element integrated LSI 
shown in FIG. 1 1 A, the heights of a plurality of photodetectors 5a are 
uniform with respect to LSI 1 , and the heights of a plurality of light-emitting 
devices 2a are also uniform with respect to LSI 1 . However, the heights of 
light-emitting devices 2a and photodetectors 5a are different. The optical- 
element integrated LSI shown in FIG. 1 1 A can be fabricated by first 
mounting light-emitting devices 2a on LSI 1 and then mounting 
photodetectors 5a on LSI 1 . Here, setting the thickness of photodetectors 5a 
greater than that of light-emitting devices 2a enables the mounting of light- 
emitting devices 2a and photodetectors 5a without interference between the 
two. 

In the optical-element integrated LSI shown in FIG. 11B, the heights 
of the plurality of photodetectors 5a and light-emitting devices 2a are uniform 
with respect to LSI 1 . In other words, the heights of all optical elements are 
identical. An optical-element integrated LSI such as shown in FIG. 1 1B can 
be fabricated by fabricating the optical-element integrated LSI of the 
structure shown FIG. 1 1 A and then aligning thick optical elements 
(photodetectors 5a in FIG. 1 1 A) to thin optical elements (light-emitting 
devices 2a shown in FIG. 1 1 A) by etching. 

The advantages realized by aligning the heights of mounted optical 
elements as shown in FIGs. 11A and 118 have been repeatedly explained 
thus far, and further explanation is therefore here omitted. 

Sixth Embodiment 
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^ FIG. 12 shows another example of an optical-element integrated LSI 
of the present invention. In the optical-element integrated LSI shown in FIG. 
12, a plurality of light-emitting devices 2a and photodetectors 5a are 
mounted on LS1 1 by means of solder bumps 3, and heat sinks 1 1 are 
5 provided In the proximity of these light-emitting devices 2a and 

photodetectors 5a. Various materials such as aluminum, copper, and silicon 
can be used as the material of heat sinks 1 1 . Although there is no problem 
when the material of heat sinks 11 is optically transparent to the wavelength 
of the input and output light of light-emitting devices 2a and photodetectors 
10 5a, when the material is not transparent, windows 12 must be formed to 
maintain light paths. 

\ It is known that as the temperature of optical elements such as light- 
emitting devices and photodetectors rises, performance deteriorates 
compared to performance at normal temperature. However, the heat that is 
15 generated from light-emitting devices 2a and photodetectors 5a is radiated 

c 

by heat sinks 1 1 provided in the proximities of light-emitting devices 2a and ' 
photodetectors 5a according to the optical-element integrated LSI of this 
example, whereby light-emitting devices 2a and photodetectors 5a can be 
operated at a temperature close to normal temperature. As a result, the 
20 performance of light-emitting devices 2a and photodetectors 5a is 

adequately exhibited. In addition, providing similar heat sinks on the sides of 
LSI 1 enables an even greater radiation effect- 

Seventh Embodiment 

25 FIG. 13A shows another example of an optical-element integrated LSI 

of the present invention. In the optical-element integrated LSI shown in FIG. 
1 3A, a plurality of light-emitting devices 2a and photodetectors 5a are 
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mounted on LS1 1 , and lenses 14 are integrated with all or a portion of light- 
emitting devices 2a. The focusing action of lenses 14 suppresses the 
divergence of light that emerges from light-emitting devices 2a, and further, 
collimates the light to facilitate the highly efficient direction of light to optical 
5 components that are the targets of coupling. In addition, if necessary, lenses 
can also be integrated with photodetectors 5a. With the trend toward higher 
speeds of photodetectors 5a, the miniaturization of light-receiving parts is 
advancing, and the integration of lenses is therefore effective for realizing 
highly efficient optical coupling. The method of integrating lenses with light- 

10 emitting devices 2a and photodetectors 5a includes a method of etching 
element substrate 7 on which photodetectors 5a are formed to realize a 
convex shape as shown in FIG. 13B; and also includes a method of applying 
a polymer to light-emitting devices 2a or photodetectors 5a, and then curing 
the polymer, taking advantage of the surface tension of the polymer to form 

15 a lens shape. 

The provision of a lens on an optical element can suppress the 
divergence of light that emerges from the optical element or the light that 
emerges from an optical circuit. In addition, the properties of the optics of, 
for example, a lens can produce parallel rays. As a result, highly efficient 

20 optical coupling can be realized despite a considerable distance between the 
optical element and the optical circuit. Alternatively, highly efficient optical 
coupling is realized even when the area of the photoreception part of a 
photodetector is small or when the optical propagation part (normally 
referred to as the "core") of an optical circuit is small. 

25 

Eighth Embodiment 
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FIGs. 14A and 14B show another example of an optical-element 
integrated LSI of the present invention. In the optical-element integrated LSI 
shown in FIGs. 14A and 14B, a plurality of light-emitting devices 2a and 
photodetectors 5a are mounted on LSI 1 . Explanation here regards an 
5 example in which eight electrical signal output ports and eight electrical 
signal input ports are provided on LSI 1 , but the number of light-emitting 
devices and photodetectors can be modified as appropriate when the 
number of input/output ports are different. Light-emitting devices 2a and 
photodetectors 5a are made thin film while leaving the functional portions. In 

10 this case, the functional portions of photodetectors 5a are as previously 
described. "Functional portions" of light-emitting devices 2a refers to those 
parts necessary for carrying out the functions of converting electrical signals 
that are received as input to optical signals and supplying the converted 
optical signals as output. 

15 As previously described, to make light-emitting devices 2a and 

photodetectors 5a thin films can shorten the distance between these optical 
elements and the objects of optical coupling and can improve the coupling 
efTiciency and permissible amount of positional shift. In addition, the thinning 
of the films removes the substrate portion of the optical elements and can 

20 eliminate loss that is produced when light is transmitted through the 
substrate. 

FIGs. 15A-15L show a fabrication method of the optical-element 
integrated LSI shown in FIGs. 14A and 14B. First, as shown in FIG. 15A, 
light-emitting device array 2 is prepared in which light-emitting devices 2a 
25 are arranged in four rows and four columns on the element substrate (not 

shown). Solder bumps 3 are formed only on pads of necessary light-emitting 
devices 2a in light-emitting device array 2, and solder bumps 3 that have 
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been formed are used to electrically connect light-emitting device array 2 
and LSI 1. "Necessary light-emitting devices 2a" refers to light-emitting 
devices 2a that are to be mounted on electrical signal output ports of LSI 1 . 
Next, as shown in FIG. 15B, protective film 4 is formed to cover only 
5 light-emitting devices 2a for which solder bumps 3 have been formed. In this 
example, protective film 4 is formed by patterning by, for example, exposing 
and developing a resist. 

As shown in FIG. 15C, unnecessary light-emitting devices 2a are next 
removed by etching, following which, as shown in FIG. 15D, protective film 4 
10 is removed, whereby light-emitting devices 2a are mounted only at 
necessary positions. 

Next, as shown in FIG. 15E, the surface of LSI 1 on which light- 
emitting devices 2a are not mounted is covered by protective film 4, following 
which the element substrate of light-emitting devices 2a is etched to produce 
15 thin-film light-emitting devices 2a. Protective film 4 is subsequently removed 
as shown in FIG. 15F. 

Next, as shown in FIG. 15G, photodetector array 5 is prepared in 
which photodetectors 5a are arranged in four rows and four columns on 
element substrate 7. Protective film 4 is next formed to cover only necessary 
20 photodetectors 5a as shown in FIG. 15H. In this example, protective film 4 is 
formed by patterning by, for example, exposing and developing a resist. 
"Necessary photodetectors 5a" refers to photodetectors 5a that are to be 
subsequently mounted on LS1 1. 

Next, as shown in FIG. 151, unnecessary photodetectors 5a are 
25 removed by etching. In this etching step, however, etching is applied to both 
the surface of photodetectors 5a and to portions of the surface of element 
substrate 7. However, etching is not applied to entire element substrate 7, 
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and portions are left unchanged. This method is adopted to allow the use of 
element substrate 7 as a support for the entirety of the plurality of 
photodetectors 5a. Protective film 4 Is then removed to obtain photodetector 
array 5 in which photodetectors 5a are left only in necessary positions. 
5 Solder bumps 3 are further formed on the pads of the plurality of 
photodetectors 5a that are left. 

Next, as shown in FIG. 15J, openings 15 are provided on pads of LSI 
1 on which light-emitting devices 2a are already mounted, these openings 15 
leading to the electrical signal input ports to which photodetectors 5a are to 
10 be electrically connected. Other portions are covered by protective film 4. 
Then, as shown in FIG. 15K, photodetector array 5 is placed on LSI 1 such 
that each photodetector 5a of photodetector array 5 is Inserted into a 
corresponding opening 1 5, whereby a plurality of photodetectors 5a are 
mounted as a group. 

15 fslext, as shown in FIG. 15L, element substrate 7 of photodetector array 5 is j 
etched, following which protective film 4 that is provided on the LSI 1 side is ^ 
removed. 

As another fabrication method, unnecessary light-emitting devices 2a 
among the plurality of light-emitting devices 2a that make up light-emitting 

20 device array 2 are first removed, following which light-emitting devices 2a are 
mounted on the electrical signal output ports of LSI 1 , and photodetectors 5a 
are mounted by the same method as described above. 

The fabrication method described above enables the fabrication of an 
optical-element Integrated LSI that is provided with optical elements of a 

25 thin-film structure. An optical-element Integrated LSI provided with optical 
elements of a thin-film structure shortens the distance between the 
functional portions of optical elements and the optical circuits that are 
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optically coupled with these functional portions. Optical signals that emerge 
from light-emitting devices or optical circuits can thus be directed to optical 
circuits and photodetectors before diffusion to raise the optical coupling 
efficiency. 

5 

Ninth Embodiment 

V FIGs. 16A and 16B show another example of an optical-element 
integrated LSI of the present Invention. In the optical-element integrated LSI 
shown in FIGs. 16A and 16B. five optical elements are mounted on LSI 1. Of 

10 these optical elements, three optical elements 16a are linked at the left side 
of LS1 1 , and these are referred to as group 1 . The remaining two optical 
element 16b are linked at approximately the center of LSI 1 , and these are 
referred to as group 2. Optical elements 16a and 16b that belong to group 1 
and group 2 are identical optical elements. 

15 The three optical elements 16a that belong to group 1 have uniform 

heights, and the two optical elements 16b that belong to group 2 have 
uniform heights. However, optical elements 16a are lower than optical 
.elements 16b. Accordingly, when the position of optical fibers (not shown) 

V 

that are optically coupled to optical elements 16a that belong to group 1 is 
20 higher than the position of optical fibers (not shown) that are optically 
coupled to optical elements 16b that belong to group 2, the distance 
between the optical fiber and optical elements 16a that belong to group 1 is 
substantially equal to the distance between the optical fiber and optical 
elements 16b that belong to group 2 if the height of optical elements 16a 
25 that belong to group 1 is set lower than the height of optical elements 16b 
that belong to group 2. As a result, the optical coupling efficiency is uniform 
and higher efficiency is obtained. 
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As described hereinabove, when the heights of optical circuit groups 
that are to be optically coupled differ according to the optical elements that 
belong to each group, setting the height of the optical elements that belong 
to each group to match the height of the corresponding optical circuit group 
5 realizes highly efficient optical coupling between the optical circuits and the 
optical elements that belong to each group, and further, realizes excellent 
optical communication. 

Tenth Embodiment 

10 FIGs. 17A and 17B and FIGs. 18A and 18B show an optical-element 

integrated LSI in which three optical elements 16 are mounted on LSI 1. Of 
these, the optical-element integrated LSI shown in FIGs. 17A and 17B has 
been fabricated by a fabrication method of the prior art in which a plurality of 
optical elements are individually mounted. On the other hand, the optical- 

15 element integrated LSI shown in FIGs. 18A and 188 has been fabricated by 
the fabrication method of the present invention in which a plurality of optical 
elements have been mounted as a group. When the height of LS1 1 is taken 
as a standard in the optical-element integrated LSI shown in FIGs. 17A and 
178, height discrepancy 17 between adjacent optical elements 16 is 

20 approximately 2 pm, and cases frequently occur in which the discrepancy in 
height exceeds this level due to the state of the device. In contrast, in the 
optical-element integrated LSI shown in FIGs. 18A and 188, height 
discrepancy 17 between neighboring adjacent optical elements 16 is 
suppressed to approximately 0.5 nm. This large decrease in the discrepancy 

25 in height is realized because, in the fabrication method of the present 

invention, necessary optical elements have been mounted as a group by 
removing unnecessary optical elements after first mounting the optical 
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element array that is made up from a plurality of optical elements, or 
because necessary optical elements have been mounted as a group by 
mounting an optical element array from which unnecessary optical elements 

■ 

have been removed in advance. As yet another effect, mounting a plurality 
5 of optical elements as a group enables a shortening of the time required for 
mounting compared to mounting the optical elements one at a time, and 
further, enables a reduction of costs. These effects increase with an 
increase in the number of optical elements that are mounted. 

10 Eleventh Embodiment 

FIGs. 19A and 19B show cross-sections of the structure when an 
optical-element integrated LSI is mounted on optoelectronic hybrid substrate 
20 on which optical waveguide 18, optical waveguide end-face mirror 19, 
and electrical wiring have been formed. In this case, "optoelectronic hybrid 

15 substrate 20" refers to a substrate that is provided with both optical circuits 
and electrical circuits. FIGs. 19A and 19B show an example that uses optical 
waveguide 18 as the optical circuit, but optical fiber may also be used as 
other optical circuits. FIG. 19A shows the cross-section of the structure of 
optoelectronic hybrid substrate 20 on which the optical-element integrated 

20 LSI of the present invention has been mounted. FIG. 19B shows the cross- 
sectional structure of optoelectronic hybrid substrate 20 on which an optical- 
element integrated LSI of the prior art has been mounted. 

The optical-element integrated LSI shown in FIG. 19A and the optical- 
element integrated LSI shown in FIG. 198 are similar in that in both cases, 

25 light-emitting devices 2a for three channels and photodetector 5a for one 
channel are mounted on LS1 1. However, as is clear from a comparison of 
FIGs. 19A and 198, the heights of light-emitting devices 2a and 



38 



photodetector 5a are uniformly aligned in the optical-element integrated LSI 
of the present Invention in which a plurality of light-emitting devices 2a and 
photodetector 5a have been mounted as a group. In the optical-element 
integrated LSI of the prior art in which light-emitting devices 2a and 
photodetector 5a have been mounted on LSI 1 for one channel at a time, 
variations in height occur between each of the optical elements. 

Optical waveguide 18 and optical waveguide end-face mirror 19 are 
formed on the surface of optoelectronic hybrid substrate 20, and electrical 
wiring (not shown) is further formed. In addition, the optical-element 
integrated LSI and optoelectronic hybrid substrate 20 are electrically 
connected using solder bumps 3, and optical coupling is achieved by 
aligning the positions of optical waveguide end-face mirror 19 and the 
photodetector of optical-element integrated LSI in the X, Y. and Z directions. 
Here, the X direction is parallel to the surface of optoelectronic hybrid 
substrate 20, the Y direction is perpendicular to the page surface, and the Z 
direction is perpendicular to the surface of optoelectronic hybrid substrate 
20. FIGs. 19A and 19B show sectional views in the X and Z directions. 
Comparatively low-speed signals are received as input and delivered as 
output between optoelectronic hybrid substrate 20 and the optical-element 
integrated LSI by way of solder bumps 3; and high-speed signals are 
received as input and delivered as output by way of light-emitting devices 2a, 
photod electors 5a, and optical waveguide 18. 

Here, in order to optically couple optical signals that are supplied from 
an optical-element integrated LSI at high efficiency, and moreover, with the 
same efficiency for all channels, the relative positions of each optical 
element and optical waveguide end-face min^or 19 must be aligned for each 
channel. Regarding this point, if the optical-element integrated LSI of the 
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present invention in which the heights of a plurality of optical elements are 
uniform with respect to LSI 1 is mounted parallel to optoelectronic hybrid 
substrate 20, and moreover, is mounted with the optical axes of optical 
elements and optical waveguide end-face mirrors 19 in alignment, the 
5 distances (in the Z direction) between each optical element and optical 
waveguide end-face mirror 19 will be uniform. As a result, optical coupling 
that is uniform and highly efficient will be realized for all channels. In 
addition, the strength of the plurality of optical signals that are supplied from 
the optical-element integrated LSI will be uniformly improved, and the 

10 transmission distance is therefore extended for all channels. 

\ In contrast, when the heights of the plurality of optical elements are 
not uniform with respect to LSI 1 as in the optical-element integrated LSI of 
the prior art shown in FIG. 19B, even when the optical-element integrated 
LSI is mounted parallel to optoelectronic hybrid substrate 20, the distance (in 

15 the Z direction) between each optical element and optical waveguide end- 
face mirror 19 will not be uniform and variation will occur in optical coupling. 
As a result, the distance that optical signals can be transmitted will vary and 
the transmission distance will be short for channels in which the optical 
coupling efficiency is poor. 
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